Introduction
Mangrove forests in mainland Tanzania are categorized as State Forest Reserves by the Forest Act of 2002 (URT, 2002) . They occur along almost the entire coastline in continuous and fragmented stands (Mangora et al., 2016) . Recent estimates by the National Forest Resources Monitoring and Assessment (NAFORMA) indicate that mangroves cover approximately 158,100 ha, which is about 0.3% of the total forest area in the country (MNRT, 2015) . Although this represents a small proportion at the country level, mangroves form a critical interface between terrestrial, estuarine, and near-shore marine ecosystems. Where they occur, mangroves are important economic and ecological resources for communities, providing useful products such as firewood, charcoal, poles and traditional medicines, and support for fisheries (Masalu, 2003; Wang et al., 2003; Mangora et al., 2016) . For instance, about 80% of all wild shrimp catches in the country are associated with mangrove forests in the Rufiji Delta (Masalu, 2003) .
Despite the critical value of mangroves, they are still exposed to degradation and deforestation due to weak law enforcement, poor management and land use prioritization, poverty and extreme dependence on natural capital (Mangora, 2011) . Globally, mangroves have been reported to rapidly degrade at rates exceeding loss in many other tropical forests (Polidoro et al., 2010; Giri et al., 2011; Jones et al., 2015) . They are being lost at the rate of about 1% per year (FAO, 2007) ; in some areas, the rate may be as high as 8% per year (Miththapala, 2008) . It is estimated that 20% to 35% of the world's mangrove area has been lost since 1980 (Giri et al., 2011) . The rates of loss are highest in developing countries where mangroves are cleared for coastal development, aquaculture, timber and fuel production (Polidoro et al., 2010) . Mangroves in Tanzania are not the exception; they are being rapidly degraded and deforested through over-exploitation for poles and timber, and the conversion of forests to other uses like agriculture, aquaculture and salt making, the impact of which is not well appreciated (Mangora et al., 2016) .
As an attempt to address these management challenges, the government has invested in developing a National Mangrove Management Plan during 1989 -1991 (Semesi, 1992) . This Plan emphasized the need
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Keywords: Rufiji Delta; mangrove forest change; Landsat; deforestation; rice farming Mangrove cover change detection in the Rufiji Delta in Tanzania   Elinasi Monga   1 to have close coordination among the various users of the mangrove ecosystem. The Management Plan was however not effectively implemented due to weak institutional frameworks and inadequate financial and technical resources, and has remained without revision over the years, making it obsolete (Mangora, 2011) .
Assessment of the status of mangrove forest cover is thus important for proper decision making on management of mangroves, including prioritization of management activities. Yet, studies on the forest cover and land use changes on mangroves in Tanzania are limited. Nindi et al. (2014) reported on mangrove cover change and land use only for the northern Rufiji Delta. Brown et al. (2016) used three ALOS PALSAR images to investigate the spatial-temporal patterns of backscatter mechanisms in mangrove forests using target decompositions, not actually dealing with land use and land cover changes in the delta. Mwansasu (2016) reported that although the potential of over-exploitation exists, there is no significant difference between the rate of mangrove loss and gain in the delta. This is contrary to observations by other similar studies carried out in the delta, which reported significant loss of mangroves (Wang et al. 2003; Peter, 2013) . In this study remote sensing data combined with field surveys were used to assess mangrove forest cover and land use change in the entire Rufiji Delta from 1991 to 2015. The data forms a useful updated baseline for subsequent management planning, enforcement and monitoring.
Study area
The Rufiji Delta is located about 200 km south of Dar es Salaam between latitudes 8˚ 20′ 00″, 7˚35′ 00″S and longitudes 39˚10′ 00″, 39˚20′ 00″E (Fig. 1) . The delta is created by the Rufiji River, the largest river basin in Tanzania, which drains about 20% of the country, with a mean annual flow of some 800 m 3 s -1 (Duvail and Hamerlynck, 2007) . The Rufiji has a strong seasonal flow pattern, with a main flood peak around April.
The delta has the largest continuous mangrove forest, covering about 50% of the total area of mangroves in Tanzania (Wang et al., 2003; URT, 2009 ). For local management purposes, the delta has been divided in three major blocks: northern; central; and southern blocks (Semesi, 1989) . The northern block contains about 46% of the total mangrove coverage, and is characterized by more freshwater input, is more accessible, and therefore more frequently utilized for local and commercial interests than the other blocks (Brown et al., 2016) . The Rufiji mangrove forest was the first to be declared a forest reserve in Tanzania in 1898 during the German colonial period (Sunseri, 2007) . One of the unique features of this forest reserve is that there are legally established village settlements within it (Mwansasu, 2016) , who rely on mangroves and the associated marine environment for a range of resources and ecosystem services to enhance their livelihoods (Semesi 1991; Masalu, 2003; Wang et al., 2003) . Recent estimates indicate that over 49,000 people live in and around the delta, directly engaged in rice farming, mangrove cutting for poles and timber, and fishing activities for both food and income security (Peter, 2013 Other species are not considered suitable for timber.
Accordingly, mangrove cover in the delta has declined over time. An inventory carried out in 1989 combining aerial photographs and ground truthing, showed that the Rufiji Delta had about 53,255 ha of mangroves (Semesi, 1992) . In the year 2000, Wang et al. (2003) used Landsat images and estimated the total area cov- A. marina in many areas of the delta. Mshale et al. (2017) reported a complex governance landscape in the delta, characterized by lack of mechanisms to coordinate a diversity of resource users and conflicting conservation actors' interests that further threaten the integrity of this unique coupled human-nature system. Image processing for cover change detection
Materials and methods

Landsat images
The IMPACT toolbox version 2.1.12 was used for image pre-classification. Unzipped Landsat images were saved in the IMPACT raw data file while the study site shape file was saved in the vector data. The shape file was geo-referenced to WGS-84 UTM zone 37S, which is the geographic location of the Rufiji Delta. 
Field data collection for validation
A field mission was organized in November 2016 to collect ground truth data to validate classified images.
A Garmin GPS (Garmin inReach Explorer+, made by
Garmin, USA) was used to collect 20 coordinate points in the delta for each of the 5 classified land covers (mangroves, agriculture, bare lands, non-mangroves, and water). In this study, the bare land includes salt pans and mud flats, while non-mangroves are dominated by coconut trees and Barringtonia racemosa.
In total, 100 coordinate points were collected randomly in the delta. The coordinate points were taken from the most representative land cover class. Photos were taken and consultations with Tanzania Forest Service (TFS) Agency field officers and local farmers were conducted to broaden our understanding of the land cover changes in the delta to help in the accuracy assessment.
Classification and accuracy assessment Expansion and shrinking dynamics were evident for the river channels (water body) and non-mangrove areas over the analysis period.
Annual loss was estimated to be between 489 ha and 532 ha, whilst the gain was between 176 ha and 302 ha (Table 2 ). The average annual loss and gain were calculated at 378 ha and 109 ha respectively. Therefore, the average net annual mangrove change was calculated at -269 ha, translating into an annual rate of mangrove loss of 0.52%.
Discussion
The present analysis indicates that there have been greater mangrove losses in the Rufiji Delta in comparison with other mangrove areas in Eastern Africa between the 1980s and present. Nevertheless, the annual mangrove loss estimated in this study corresponds with the findings of Nindi et al. (2014) , although that study concentrated on the northern block only.
Similarity of these findings, regardless of differences in sizes of study sites, could be due to the fact that the major mangrove losses occur in the northern block where there is active rice farming and cutting for poles and timber (Fig. 4) . Elsewhere, more annual mangrove gains than losses have been reported, for example in the Zambezi Delta (Shapiro et al., 2015) .
Slight annual mangrove losses have also been reported in the Mahajamba Bays in Madagascar ( Jones et al., 2015) , Mida Creek (Alemayehu et al., 2014) , and Tudor and Mwache creeks in Kenya (Bosire et al., 2014 permanent settlements in the delta with sole dependence on mangrove resources for livelihoods, such as rice farming and cutting of mangroves for poles and timber (Mshale et al., 2017) . Although the Mangrove Management Plan developed in 1991 clearly categorized mangrove forests into four management zones:
Zone I -forests for total protection; Zone II -forests for production; Zone III -degraded areas to be closed to allow recovery; Zone IV -areas to be set aside for different developments (Semesi 1992) , there has been weak enforcement of the plan, allowing mangroves to become a tacit common pool resource (Mangora, 2011; Mangora et al., 2016) .
Areas surrounding the Rufiji river mouth in the north- which can result in changes to mangrove cover, notably directional changes or shifts along geomorphological patterns (Woodroffe, 1992; Beilfuss et al., 2001) . Some abandoned salt making areas have been observed to be colonized by mangroves, especially A. marina (Fig.   6 ). However the regenerated A. marina appears to be stunted, probably due to high soil salinity in these areas.
Conclusion
The present data analysis serves as an updated base- 
